The regulatory gene (aflR) of aflatoxin encodes AflR, a positive 24 regulator that activates transcriptional pathway of genes in aflatoxin biosynthesis. 25 New L-Asp-L-Asn (DN) extracted from Bacillus megaterium inhibited the growth of 26 A. flavus had been elucidated in our laboratory. The genes encoding DN and binuclear 27 zinc finger cluster protein of AflR were fused, then fusion protein could compete with 28 the AflS-AflR complex for the AflR binding site and significantly improve anti-A. 29 flavus activity of DN. The fusion gene dn-aflR was cloned into pET32a and 30 recombinant plasmid was introduced into Escherichia coli BL21. The highest 31 expression was observed after 10 h induction and purified by affinity chromatography 32 column. Compared with DN, the novel fusion protein DN-AflR significantly inhibited 33 the growth of A. flavus and biosynthesis of aflatoxin B 1 . This study promoted the use 34 of competitive inhibition of fusion proteins to reduce the expression of regulatory 35 genes in the biosynthetic pathway of aflatoxin. Moreover, it provided more supports 36 for deep research and industrialization of such novel, anti-A. flavus bio-inhibitors.
INTRODUCTION
Aflatoxin is one of the most potent naturally occurring toxic and carcinogenic 53 compound, which is a mycotoxin that poses a serious threat to human health (1). 54 Aflatoxin contamination has seriously influence on export of agricultural products, 55 income of farmers and economic development (2, 3) . Biological methods, especially 56 using antagonistic microorganisms to inhibit aflatoxin biosynthesis gradually become 57 hot spot in recent years (4). Palumbo et al. isolated one strain of Bacillus from 58 almonds, which could inhibit the growth of Aspergillus flavus (5) . Early studies found 59 that Mycobacterium smegmatis and Rhodococcus erythropolis could produce F420 60 H2-dependent reductases to degrade aflatoxin (6, 7) . Some studies isolated antifungal 61 compounds from Bacillus and verified their inhibitory effects on the growth of A. 62 flavus (8, 9) . Above all, antagonistic microorganisms could produce metabolites or 63 enzymes to inhibit expression of regulatory genes, or degrade aflatoxin. 64 Aflatoxin biosynthetic pathway has been studied for years and is one of the best 65 understood fungal secondary metabolic pathways. The whole-genome sequencing of 66 4 A. flavus has been accomplished, and we could better control aflatoxin contamination 67 through deep research of the regulatory genes and mechanisms. Up to now, at least 34 68 genes have been identified as members of the aflatoxin pathway gene cluster. On the 69 82-kb biosynthetic gene cluster of aflatoxin, aflR and aflS (formerly known as aflJ) 70 are genes involved in pathway regulation (10, 11) . aflR is necessary for transcription 71 of some genes in Aspergillus gene cluster (12) (13) (14) . This gene encodes a specific DNA 72 binding protein (AflR) containing 444 amino acids, and the 29th to 56th amino acids 73 constitute a binuclear zinc finger cluster protein with sequence 74 Cys-Xaa2-Cys-Xaa6-Cys-Xaa6-Cys-Xaa2-Cys-Xaa6-Cys, which is the key region of 75 AflR to activate gene transcription and determines AflR-binding specificity (15). AflR, 76 which possesses DNA-binding and activation domains typical of the GAL4-type 77 family of positive regulatory proteins in yeast and fungi (16). A common feature of 78 fungal gene clusters, including those for secondary metabolites, is the presence of 79 specific regulatory genes, which have been found to encode members of the zinc 80 binuclear cluster protein family typified by . AflS was found to be 81 involved in the regulation of transcription. Between aflR and aflS is intergenic region, 82 where promoter region is located. AflS-AflR complex binds to AflR binding site and 83 activates aflatoxin biosynthesis. Studies suggested that failure to product aflatoxin due 84 possibly to alternation in the interaction between AflS and AflR (10, 20) . 85 Bio-inhibitors inhibited expression of aflR or aflS mainly by acting on the intergenic 86 region, thereby prevented the formation of AflS-AflR complex, so that AflS-AflR 87 complex could not bind to AflR binding site and activate biosynthetic pathway of 88 5 aflatoxin. 89 Recently, we identified DN (L-Asp-L-Asn) from Bacillus megaterium, which 90 could inhibit growth of A. flavus and synthesis of aflatoxin. To improve the inhibitory 91 effect of DN, we transformed the genes encoding DN and GAL4-type zinc finger 92 cluster protein (specifically binds to the AflR binding site) by gene fusion. We (Fig. 2) . So that DN had the ability of inhibiting the growth of A. flavus.
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In order to improve the anti-A. flavus effect of DN, we fused the genes encoding 173 DN and sequences of zinc finger cluster protein (specifically binds to the AflR 174 binding site), then successfully constructed a recombinant plasmid dn-aflR-pET32a 175 9 ( Fig. 1) . In the process of E. coli expression, when expressed in the host system at a 176 high level, the recombinant protein was easy to form inclusion bodies (32). This may 177 be due to the fact that during the expression, the protein folded too fast, while 178 insufficient supply of enzymes or co-factors made it cannot form the correct 179 secondary bond. According to the reports (33), we used 16°C, 160 rpm as the 180 conditions for inducing expression. In general, target proteins with a molecular weight 181 of less than 5 kDa or more than 100 kDa could not be expressed easily. The smaller 182 molecular weight of protein, the easier it was to be degraded. In order to avoid 183 degradation of target protein due to its low molecular weight, we used the pET32a 184 vector to express the active protein, and its Trx and His tag significantly improved the 185 stability of expression, and enhanced purification of protein, respectively. Because 186 target protein contained the His tag, result of SDS-PAGE showed that molecular 187 weight of fusion protein was 24 kDa (Fig 3) , which was a little more than the 
